We conducted an observational, longitudinal prospective study in which we measured the diameters of the inferior vena cava (IVC) of 47 patients using ultrasonography. The aim of our study was to assess the state of blood volume and to determine the percentage of patients who responded to intravascular volume expansion. Only 17 patients (36%) responded to fluid management. A higher number of responding patients had cardiovascular failure compared with nonresponders (82% vs. 50%, P = 0.03). Among the patients with cardiovascular failure, the probability of finding responders was 4.6 times higher than that of not finding responders (odds ratio, 4.66; 95% confidence interval, 1.10-19.6; P = 0.04). No significant difference was observed in the mortality rate between the two groups (11% vs. 23%, P = 0.46). In conclusion, responding to intravascular volume expansion had no impact on patient survival in the intensive care unit.
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T he main objective of this study was to use ultrasonography to determine the percentage of patients who responded to fl uid administration. As secondary objectives, we determined the mortality rates and the diff erences in hemodynamic variables between responders and nonresponders among the patients admitted to the intensive care unit (ICU) of the Instituto Nacional de Cancerología, México.
METHODS
We performed an observational, longitudinal, prospective study on the oncologic patients admitted to the ICU of Instituto Nacional de Cancerología, México, between January 2015 and June 2015. During this period, we measured the patients' inferior vena cava (IVC) diameters using ultrasonography before beginning fl uid reanimation. Th e sample size was calculated using the proportion formula n = Z a · p 0 · q 0 / d 2 , where p is the possibility of fi nding a patient who responds to volume expansion (50%), and q = p -1, with a signifi cance level of 0.05% that corresponds to a Z value of 1.96 and has a 12% accuracy (d). Using this formula, the required sample size for the study was determined to be at least 34 patients.
Th e IVC diameter was measured in the subxiphoid window using transthoracic echocardiography operating in the M mode, 2 to 3 cm from the junction of the IVC and the right atrium. We determined the maximum and minimum diameters of the IVC Usefulness of ultrasonographic measurement of the diameter of the inferior vena cava to predict responsiveness to intravascular fluid administration in patients with cancer Silvio A. Ñamendys-Silva , MD, MSc, Juan M. Arredondo-Armenta , MD, Humberto Guevara-García , MD, Mireya Barragán-Dessavre , MD, Francisco J. García-Guillén , MD, Luis A. Sánchez-Hurtado , MD, Bertha Córdova-Sánchez , MD, Andoreni R. Bautista-Ocampo , MD, Angel Herrera-Gómez , MD, and Abelardo Meneses-García, MD during the patients' respiratory cycles. In patients with spontaneous ventilation, the collapsibility index of the IVC (cIVC) values were calculated using the following formula: [(maximum diameter -minimum diameter / maximum diameter) × 100], and in patients with positive-pressure mechanical ventilation, the distensibility index of IVC (dIVC) values were calculated using the formula [(maximum diameter -minimum diameter / minimum diameter) × 100]. If the dIVC index was >18% or the cIVC index was >40%, the patient was determined to be responsive to intravascular volume expansion. Doctors trained in basic critical care ultrasonography performed the measurements to reduce bias and decrease the error margins.
We followed the guidelines outlined in the Declaration of Helsinki and its modifi cations as outlined in the Declaration of Tokyo for biomedical research in humans, along with the ethical considerations formulated in the "Ley General de Salud de los Estados Unidos Mexicanos" (General Law of Health in United Mexican States) for health research. Th e investigation is classifi ed under the 17th article of the health research regulations as category I. Th is was a research study involving minimal risk because ultrasonography is a noninvasive diagnostic method with minimal risks for the participants.
Th is study included patients over 18 years old with positivepressure mechanical ventilation whose dIVC indices were measured. Th is study also included patients over 18 years old with spontaneous ventilation whose cIVC indices were measured. We excluded patients who were treated with fl uid reanimation at the time of ICU admission prior to IVC measurements. Patient data were collected immediately after the patients were admitted to the ICU. We collected information regarding patients' demographic characteristics, comorbidities, hemodynamic variables, type of oncological illness, and diagnosis at the time of admission. We calculated APACHE II (Acute Physiology and Chronic Health Evaluation II), SOFA (Sequential Organ Failure Assessment), and MEXSOFA (Mexican Sequential Organ Failure Assessment) scores to assess the severity of patients' organ failure. APACHE II, SOFA, and MEXSOFA scores were calculated using each patient's worst clinical and laboratory values during the fi rst 24 hours of their stay in the ICU. Th e rate of organ failure was determined using the SOFA score, and severity of organ failure was determined using the patients' laboratory and clinical data, as well as information about their vasopressor or inotropic doses ( 1-4 ). We documented the number of volume-responsive patients.
Th e numerical values were expressed as the mean ± standard deviation if the distribution was normal or as the median ± the interquartile range if the distribution was nonnormal. Data distribution was evaluated using the Kolmogorov-Smirnov test. Nominal variables were expressed using percentages. Numerical variables were compared using a Student's t test, Mann-Whitney U test, and chi-square test. Fisher's exact test was used to analyze the nominal variables. To establish an association between cardiovascular failure and volume responsiveness, we used the X 2 value from the Mantel-Haenszel test and expressed it as an odds ratio with a confi dence interval of 95%. A P value < 0.05 was considered statistically signifi cant. Th e heart rate needed to predict the response to intravascular volume expansion was calculated using the area under the receiver operating characteristic curve. We also calculated the values for specifi city, sensitivity, positive predictive value, and negative predictive value. All data were analyzed using SPSS version 22.0 for Windows.
RESULTS
Th is study included 47 critically ill oncologic patients who had been previously administered intravenous crystalloids. We measured the IVC diameters and calculated the dIVC or cIVC for each patient. Table 1 shows the general characteristics of the patient population. Less than half of the patients admitted to the ICU responded to the administration of intravascular volume expansion (n = 17, 36.2%). Table 2 shows the clinical characteristics of the critically ill oncologic patients admitted to the ICU who were classifi ed according to their volume expansion responsiveness. In patients with heart rates >88 beats per minute, the minimum parameters required to predict volume responsiveness were a sensitivity of 82.4%, a specifi city of 53.3%, a positive predictive value of 50%, and a negative predictive value of 84.2%. In patients with heart rate >88 beats per minute, the rate of unnecessary crystalloid administration was 15.8% (Figure 1 ) .
DISCUSSION
Th is study had three main fi ndings: • Only 36% of the critically ill oncologic patients who were admitted to the ICU responded to intravascular volume expansion.
• Patients with cardiovascular failure and tachycardia were more likely to respond to volume expansion. • Th ere was no signifi cant diff erence in mortality rates between responders and nonresponders. In patients with circulatory shock, fl uid reanimation with crystalloids is one of the main treatment options to increase cardiac output and improve tissue perfusion (5) (6) (7) (8) (9) . Th e clinical parameters used to evaluate blood volume in patients experiencing shock have poor specifi city (10) (11) (12) . Currently, the recommended procedure is to determine dynamic variables such as IVC measurements using ultrasonography in patients with mechanical ventilation during the respiratory cycle to predict their responsiveness to volume expansion. Th is procedure is also useful in patients with spontaneous ventilation ( 13 ). Muller et al reported that in patients with spontaneous ventilation, a cIVC index >40% is usually associated with volume responsiveness ( 14 ) .
According to Michard et al, up to 72% of critically ill patients will respond to volume expansion with a signifi cant increase in stroke volume or cardiac output ( 15 ) . Th is contrasts signifi cantly with our study, because only 36% of the patients admitted to the ICU in our institution were volume responders. VASST study data demonstrated that maintaining a positive water balance for 12 hours to 4 days after beginning the fl uid reanimation can increase mortality in critically ill patients ( 16 ) . Th erefore, it is important to evaluate the volume responsiveness prior to the administration of intravenous liquids to determine if patients would benefi t from it ( 17 ). We are not aware of any clinical studies that compare the mortality rates of volume responders and nonresponders. In our study, we did not fi nd statistically signifi cant diff erences in mortality rates between these two groups of critically ill patients. With respect to organ failure, we observed that the patients with cardiovascular failure, as determined by SOFA scores, were more likely to respond to the administration of intravenous fl uids. With the above data, we can infer that the patients admitted to the ICU with hemodynamic instability and evaluated for volume responsiveness using their clinical and laboratory data of tissue hypoperfusion are those who can benefi t from fl uid reanimation, which results in increased cardiac output and, thus, increased oxygen supply to the tissues ( 3 ).
In the hemodynamic evaluation and monitoring described by Pinsky, he reported that the heart rate increases in patients with shock due to the increase of sympathetic tone; in short, "tachycardia is never good" ( 5 ). In our study, we found that a heart rate of 88 beats per minute was a threshold that helps determine the responsiveness of a patient to fl uid administration, with a sensitivity of 88.4% and a specifi city of 53.3%.
In the present study, only a third of the patients evaluated at the time of ICU admission using ultrasonography responded to volume expansion. One limitation of our study is that the measurements taken using ultrasonography can be operator dependent. It is important to evaluate who will benefi t from fl uid administration to avoid complications related to fl uid overload. It must also be stressed that fi nding a volume responder is not the only parameter to be considered when deciding if fl uid reanimation is needed, unless there are clinical and laboratory data of hypovolemic and tissue hypoperfusion that warrant intravascular volume expansion. Figure 1 . Determination of the heart rate for predicting the response to intravascular volume expansion.
